Introduction
Protein-energy malnutrition is a negative predictor of survival in end stage renal disease patients. Its prevalence varies from 18% to 76% in the dialysis population [1, 2] . Coincidence of malnutrition, inflammatory state and atherosclerosis, called MIA syndrome, in these patients predicts poor outcome [3] [4] [5] . Comprehensive clinical examination, and anthropometric and pertinent biochemical parameters are used for assessment of nutritional status of patients. Due to flexibility, ease of performance and reproducibility clinical scales are of particular value in assessment of nutritio-nal status in chronically ill patients. The subjective global assessment (SGA) scale is one of those widely used in end stage renal disease (ESRD) patients [6] . Its modification, the so-called Malnutrition-Inflammation Score (MIS), has been proposed to be an even more useful tool for this purpose [7] . The MIS system incorporates seven SGA components and additionally body mass index (BMI), together with serum albumin level and total iron-binding capacity (TIBC), as surrogate markers of systemic inflammation.
The Mini Nutritional Assessment (MNA) scale has been developed and designated to provide a fast, simple assessment of nutritional status of elderly people in clinics, hospitals and nursing homes [8, 9] . It is used for rapid identification of subjects at risk of malnutrition and malnourished, to apply nutritional intervention. The tool evaluates the subject's nutritional status in 18 questions in four areas (basic anthropometrics, dietary intake, global indicators and self-assessed health status).
The aim of the present study (cohort, observational) was to evaluate the clinical value of MNA in peritoneal dialysis patients. This scale has been successfully used in the geriatric population to predict clinical complications due to malnutrition. Because of the wide range of co-morbidities among dialysis patients and the growing number of older ones, and on the other hand the ease of MNA application, we aimed to validate this scale in a population of peritoneal dialysis patients.
Material and methods
Nutritional status was assessed in 41 prevalent peritoneal dialysis patients (55 ±11 years old, 723 ±623 days on dialysis, 21 males) by means of the MNA scale and MIS. All patients recruited to the study were in . H Ha as s t th he e p pa at ti ie en nt t s su uf ff fe er re ed d p ps sy yc ch ho ol lo og gi ic ca al l s st tr re es ss s o or r a ac cu ut te e d di is se ea as se e i in n t th he e p pa as st t 3 3 m mo on nt th hs s? ? 0 = yes 2 = no E E. . N Ne eu ur ro op ps sy yc ch ho ol lo og gi ic ca al l p pr ro ob bl le em ms s 0 = severe dementia or depression 1 = mild dementia 2 = no psychological problems Exclusion criteria were: time on dialysis shorter than 30 days, acute illness during the preceding 30 days, end stage of disseminated neoplastic disease, and lack of consent to participate in the study. According to the exclusion criteria, 4 out of 45 prevalent patients who were in the peritoneal dialysis program were not enrolled in the study. Two of them refused participation, one was in a terminal clinical state, and one had just started the peritoneal dialysis program.
The MNA is composed of 18 items and includes anthropometric measurements, global assessment, a dietary questionnaire and subjective assessment ( Table I ). The maximum score is 30 points and the risk for malnutrition is associated with lower values. Classic cut-off values for grouping were used in the study (24-30 points -normal nutritional status; 17-23.5 -at risk of malnutrition; below 17 -malnutrition).
The MIS assessment was performed according to the description by Kalantar-Zadeh et al. [7] It consisted of medical history (weight changes, dietary intake, gastrointestinal symptoms, functional capacity and presence of comorbidities), physical exami nation (loss of subcutaneous fat and muscle wasting) and laboratory parameters (serum albumin and total iron-binding capacity). Each of the components was scored from 0 (normal) to 3 (severely abnormal). The sum of all points gave the total MIS value (maximum 30).
Other clinical and laboratory parameters analyzed included: age, time on dialysis, presence of atherosclerotic cardiovascular or cerebrovascular disease (defined as history of coronary heart di sease, myocardial infarction, or stroke; data collected by patient interview and chart review), diabetes mellitus (DM), arterial hypertension (data collec ted by patient interview/chart review and/or use of antihypertensive drugs), BMI, concentration of hemoglobin (Hb), iron (Fe), ferritin, urea, creatinine, albumin, fibrinogen (Fbg), total cholesterol (TC) and triglycerides (TG), glucose and C-reactive protein (CRP). All biochemistry measurements were performed by standard laboratory methods in the hospital central laboratory (Wojewodzki Szpital Spe cjalistyczny in Bialystok). CRP was assessed using a commercially available kit -Quantikine human CRP immunoassay test (R&D systems). Atherosclerotic cardiovascular or cerebrovascular disease and/or DM were defined as comorbidities for statistical analysis. For the descriptive statistics inflammation was defined as CRP above 10 mg/l, and hy poalbuminemia when the albumin level was below 3.5 mg/dl.
Analysis of survival (30 months of follow-up) for the group was performed. The study was performed from June 2003 and all events were censored on January 2006. There was no loss to follow-up and 2 patients were transplanted.
S St ta at ti is st ti ic ca al l a an na al ly ys si is s
Results of descriptive analysis are expressed as mean ± SD and numbers (%) unless otherwise specified. Student's t-test, Mann-Whitney U-test, analysis of variance (ANOVA) and χ 2 test were used to compare variables, as appropriate. For the linear correlation of two variables Spearman's rank test or Pearson's test was applied. Univariate (crude) survival analysis was applied using standard Kaplan-Meier life tables and Cox proportional hazard regression models to determine predictors for patients' mortality. Selected multivariate models were also tested to adjust the influence of covariates potentially affecting survival. For that purpose, demographics, comorbidities and laboratory results adjusted models were created and tested. Results were expressed as hazard ratio (HR) and its 95% confidence interval (95% CI). For the comparison of two scales as predictors for hypoalbuminemia, receiver operating characteristic (ROC) curves analysis was performed. Areas under the curve (AUC) were determined for the scales, and they were compared. Differences were regarded as statistically significant when p < 0.05. Statistical analysis was performed with the package Statistica 6.0 (Stat Soft, Inc, Tulsa, USA).
Results
Clinical characteristics of the examined group of patients are shown in Table II . Risk of malnutrition was detected in 41% (n = 17), and malnutrition in 5% (n = 2) of patients as measured by MNA. As there were just two cases assessed as malnourished by MNA the group "at risk" and "malnourished" were joined for further statistical analysis (at risk/malnourished). Mean MIS was 6 ±4 points , and a strong relation between the results of these two scales was observed (r = -0.85, p < 0.01; ANOVA, p < 0.05, Figure 1 Table III) .
Both scales were similar in determination of hypoalbuminemia. In ROC curve analysis AUC for V Va ar ri ia ab bl le e W Wh ho ol le e g gr ro ou up p W We el ll l ( (n n = = 2 22 2) ) A At t r ri is sk k ( (n n = = 1 17 7) ) M Ma al l ( (n n = = 2 2) ) (Figure 2) , which was comparable (p = NS). During 2.5 years of follow-up 8 patients (20%) died, which gave the annual mortality of 8%. Most of them were assessed as "at risk" or "malnourished" according to MNA (Figure 3 , log rank test p < 0.05). Factors significantly influencing risk of mortality in simple models of Cox proportional hazard were being at risk/malnourished according to MNA (HR 5.7, 95% CI 4.1-7.2), MIS per 1 unit (HR 1.2, 95% CI 1.09-1.32), age per 1 year (HR 1.07, 95% CI 1.01-1.14) and albumin per 1 g/dl (HR 0.13, 95% CI 0.05-0.37). Results of particular crude and multiple regression models are summarized in Table IV . Being at risk/malnourished assessed by MNA and higher MIS values were both statistically significant factors influencing patients' survival even after adjustments for demographics, comorbidities and laboratory values. At risk/malnutrition according to MNA was below statistical significance only in the Cox regression model adjusted for albumin and age. In this case concentration of albumin was the strongest and only predictor for survival. When only "well-nourished" and "at risk of malnutrition" cases according to MNA were included in the Cox regression model the results were not statistically significant although a trend for increasing risk was evident (HR 4.48, 95% CI 0.9-12.2). It must be pointed out that both "malnourished" patients died during follow-up (complete observations), so excluding them from the regression weakened the calculated hazard.
Discussion
The results of this study prove the efficacy of the MNA scale for detecting malnutrition in peritoneal dialysis patients. Assessment of nutritional status was comparable to that obtained by MIS, which is a modification of the classic SGA scale (Figure 1 ). In the present study patients classified as at risk/malnourished by the MNA scale had much higher mortality risk during the follow-up period as revealed by applied survival analysis. The negative impact of malnutrition on survival was still observed after adjustments for basic demographics and comorbidities (Table IV) 
Validation of Mini Nutritional Assessment Scale in peritoneal dialysis patients
Protein energy wasting has been considered as an important and common negative predictor for mortality and morbidity in chronic renal disease patients including those on peritoneal dialysis [10] . Many comprehensive guidelines devoted to care of dialysis patients suggest nutritional counseling and screening for any signs of malnutrition as a routine clinical procedure. There is no universal method for assessment of nutritional status and many clinical, anthropometric, biochemical and more sophistica-P Pa ar ra am me et te er r W We el ll l ( (n n = = 2 22 2) ) A At t r ri is sk k ( (n n = = 1 17 7) ) M Ma al l ( (n n = = 2 2) ) R Ri is sk k/ /M Ma al l ( (n n = = 1 19 9) ) ted methods (bioelectrical impedance, dual energy X-ray absorptiometry, computed tomography) are in research use [11] . In light of these methodological obstacles it is suggested that several parameters should be considered together [12] , but taking into account the availability and high costs of the mentioned methods it would not be cost effective and widely used. Clinical scales such as SGA, MIS and MNA are the answer to this problem. They are much simpler, but still acquire complex data and appear very useful for routine clinical use. SGA was successfully applied in the CANUSA study and was predictive for mortality in peritoneal dialysis patients [13] . The results of this study show a strong correlation between MNA scale and MIS. The latter scale is a modification of SGA taking into account elements of chronic inflammation (hypoalbuminemia and transferrin level), so common in dialysis patients, and often preceding malnutrition. The MNA scale is much simpler in use, needs no biochemical results and can be performed by non-specialized personnel, e.g. a nurse who has been introduced to the method. In contrast to MIS, in the MNA scale anthropometric data include direct measurements of calf and mid-arm circumference but not a subjective assessment of fat and muscle tissue status (which is the case in MIS and classic SGA) and can be somewhat subjective and observer-dependent. The two scales were comparative as predictors of hypoalbuminemia when assessed by ROC curve analysis. However, it should be appreciated that albumin level is part of the MIS system but not the MNA scale. This fact seems to make the latter tool even more valuable for nutritional assessment. It must be pointed out that concentration of albumin is not sensitive and not specific with regard to the diagnosis of protein-energy malnutrition although it is strongly associated with morbidity and mortality in this population. The increase in mortality with hypoalbuminemia appears to occur even at near normal albumin levels (3.5 g/dl) in hemodialysis patients [14] . In the present study hypoalbuminemia was also a strong predictor for mortality as revealed by Cox proportional hazard analysis. Some patients treated with maintenance dialysis have a low plasma albumin concentration due to decreased albumin synthesis despite apparently adequate dialysis dose and protein intake [15, 16] . These patients have evidence of an acute phase response, suggesting that an underlying inflammatory process (such as occult infections or inflammation) is responsible for the decline in albumin production. This group of patients may also develop malnutrition, which is not possible to correct solely by increased protein delivery or dialysis dose. This type of nutritional disorder is called type II malnutrition [17] and actually is a form of malnutrition inflammation syndrome. Neither MIS nor MNA is able to differentiate type I from type II malnutrition. The former was created with the intention to reveal patients with an inflammatory process being a culprit of potential alert symptoms reviewed by the [17] . Accepting these constraints, serum albumin still demonstrates a particular strong association with survival. Several studies have demonstrated a negative correlation between the plasma albumin concentration and mortality in patients undergoing maintenance hemodialysis or peritoneal dialysis [14, 19, 20] . Thus, our study makes an important and valuable observation that MNA was able to predict hypoalbuminemia and correlated with albuminemia in the examined group of patients. Besides the factors discussed above, the results of MNA were correlated with blood lipids (reflecting better nutrition), BMI and time on dialysis.
An intriguing and interesting issue in the peritoneal dialysis population is a problem with obesity [21] . This group of patients is at a risk of weight gain due to the nature of the dialysis technique. Absorption of glucose (100-150 g per day) from dialysate can be a source of up to 800 kcal per day [22] . This phenomenon leads to body fat accumulation along with a rise in concentration of blood lipids [23] and can have further unfavorable metabolic consequences. It is worth noting in the present study that patients classified as malnourished by the MNA scale had lower mean BMI than wellnourished ones, but still above the threshold of underweight. Just 10% of patients had BMI less then 20 kg/m 2 but 46% of the group were at least mildly malnourished. In fact, as shown by Leining et al. [24] , BMI is related to body fat mass but not to very lean body mass in patients on peritoneal dialysis. This proves again that BMI is rather a vague indicator of nutritional status in peritoneal dialysis patients. Małgorzewicz et al. [25] observed similar results; in their study, independently of BMI values, 50% of peritoneal dialysis patients showed signs of malnutrition, 40% of overweight patients had mild malnutrition, while as many as 60% of patients in the non-overweight group showed signs of mild malnutrition. Additionally, these authors report an unfavorable adipokine profile in patients with higher BMI. On the other hand, the higher concentration of leptin was associated with loss of lean body mass and muscle wasting. In our observation, BMI in a cohort of peritoneal dialysis patients was not a predictive factor for mortality. As widely discussed, it should be clear that BMI mostly expresses adipose tissue reserve but not lean body weight, which is the valid indicator of nutritional status. The story becomes even more complicated in view of the fact that in peritoneal dialysis patients overhydration can additionally influence BMI. In a paper published by Van Biesen et al. [26] BMI was inversely correlated with tissue hydration. The mentioned tangible variables influencing BMI in peritoneal dialysis patients may lead to conflicting results concerning its impact on survival, which seems to be so evident in hemodialysis cohorts [27] .
The main limitations of the study were the relatively small number of participants and its observational design. It can be argued that the measure of worse nutrition could be the consequence of preexisting comorbidities leading to negative outcomes. The study was not designed to answer such a question; nonetheless, according to the existing knowledge on the issue one can speculate that comorbid illnesses may be the link or covariable between malnutrition (type 1 or 2) and morbidity in this population.
In conclusion, this prospective cohort observational study showed that the MNA scale was a valuable, clinically suitable tool for assessment of nutritional status in peritoneal dialysis patients. Being at risk or malnourished when diagnosed by MNA credibly identifies patients at high mortality risk.
